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CARBONArFO US MATERIALS 

Field of t he Invention 

The present invention is directed to the formation of carbonaceous materials. In 
particular, the invention is directed to using a spray system to form carbonaceous materials. 

Background of the Invention 

Spray systems are well known in the art, wherein carbon particles can be made by very 
fuel rich flame combustion systems or thermal cracking of hydrocarbon materials. These 
materials historically have been made from gas-based materials and sprayed materials. In the 
gas-based systems the hydrocarbon feed stock material is fed in as a gas and then partially burned 
or thermally cracked. After which, the soot is formed and collected. In the liquid spray systems, 
droplets of material are formed that are ten to hundreds of microns in size. These are then fed 
into a hot zone. The hot zone in most cases is a flame and the flame is produced via gaseous 
hydrocarbons mixed with oxygen containing gases, such as air, which enable high flow. This 
primary burn enables better atomization and cracking of the liquid feed stocks. The liquid feed 
stocks in most cases is oil. 
Summary of the Invention 

The current invention is the utilization of ultra-fine droplets even sub-micron size 
droplets which prior to this invention have not been used in the art to form carbonaceous 
materials. Extremely fuel rich mixtures are formed creating an incomplete combustion 
environment or are fed into a thermal reactor where cracking of the hydrocarbon occurs. In both 
cases, an environment exists where freed carbon is produced which readily condensates forming 
very fine carbonaceous material in the form of soot. 

The issue with the current materials is that they can range in size and can be highly 
agglomerated such that the individual particles are difficult if not impossible to break up thus 
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creating an overall particle size much larger than that desired for many applications. For many of 
these agglomerates, the particles vary in size tremendously by several orders of magnitude. Even 
the primary particles making up the agglomerates can vary in size by a few x. It is, therefore, 
desired to produced more uniform and smaller sized soots and carbonaceous materials for a wide 
range of applications. To achieve this result in a manner that is low cost for large scale 
manufacturing processes is also of great desire. 

A recent innovation, as described in US Patent Numbers 5,997,956 and 6,132,653, have 
enabled the formation of various compounds in nanoparticle form. This innovative technique is 
identified as a candidate process for enabling the desired forms of carbonaceous material to be 
formed. The key to forming the materials is that the combustion system, rather than having a 
primary gas flame to form the heat and environment for the vaporization and reaction of the oil 
or other carbon-based source material, uses a method wherein these materials are premixed. This 
premixing can be done either in a single container, through different feed lines and mixed in a 
smaller mixing chamber or fed into a single line in which it enables enough mixing to obtain the 
desired uniformity. The mixture or liquid is fed into the Nanospray SM system, that will create 
ultra-fine droplets of more uniform size and distribution along with gas products that can create a 
burn zone even from a single feedstock. While this single feedstock is desired, it should be noted 
that small amounts of gases for pilots to ensure the continued combustion due to the higher 
velocities to form smaller non-agglomerated particles can be used. The smaller size can be 
maintained without agglomeration by having a rapid quench after the flame sector. The quench 
will be brought about by the introduction of cooling mediums. Water has one of the highest heat 
absorption capabilities and therefore, is one of the lowest cost and one of the most efficient 
cooling mediums. Any liquid cooling medium, however, can be used including various gases, 
other liquids (such as liquid nitrogen) to bring about rapid quench of the formed carbonaceous 
materials which then are collected by any of the numerous different methods that exist in the art. 

Solutions of interest include oils and can be combined with gases such as propane, natural 
gas, acetylene, butane, etc., or the primary carbon source could be other high carbon containing 
materials such as xylene or toluene. It is preferred to use an absorbed gas that is a ready producer 
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of carbon such as acetylene and other high carbon producing potential fluids with low boiling 
points. Non-flammable gasses, such as N 2 , Ar and CG 2 can also be dissolved into the liquid 
carbon source to aid atomization. Additions of oxidizers such as N0 2 or 0 2 can result in 
explosive fluids and should be avoided unless fool-proof systems are used. Oxidizers can further 
reduce droplet evaporation, flame diffusion zones, but can be very dangerous if not mixed and 
handled properly with the fuels. Ideally these oxidizers are introduced near the atomizing device 
and the fluids are moving faster than the combustion/flame velocity so that the combustion front 
cannot propagate into the fluid system. Thus the fuel atomizing benefactor itself can be used to 
yield the product. 

Pilots are desired to have a short reaction time, so continuous pilot(s) or a short primary 
burn zone is used to ensure the combustion of the materials. In close proximity to the point of 
introduction of the Nanospray 5 * 1 the correct amount of oxidizer whether as air, a gas, or oxygen 
is introduced to create a primary bum or combustion zone such that the evolution of the freed 
carbon from hydrocarbon material can be accomplished. By having such a well mixed oxygen 
and carbon precursor spray in such fine atomization, the vaporization time is reduced and thus 
the reaction zone can be minimized thereby reducing the time of exposure to the reaction to less 
than 10 milliseconds, even more desirably less than 5 milliseconds, and even more desirably in 
the 0.1-2 millisecond time range. 

In the high heat zone for the cracking and evolution of free carbon from which the soot 
can form, it is also desired to rapidly quench the material so that the carbon soots primary 
particles do not form larger hard agglomerates. Therefore, the cooling medium would be fed 
very proximal to the end of the bum zone. The better the mixing of the cooling medium with the 
material, the more rapid the cooling can occur. Currently large coolant droplets are sprayed into 
the hot residual gases and soot, in which local cool zones near the water droplets occur. It is 
preferred to have a more homogenous dense spray, so the quenching is more uniform. Causing a 
more uniform and more rapid cool, results in producing more uniform and finer carbonaceous 
materials. The material produced can be just carbon or primarily carbon. The feed stocks can 
also contain precursors of materials that can modify the carbon. Materials that can be fed in and 
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dissolved into the primary systems or can be fed into separate nearby flames, that would feed in 
material, thus forming materials on which the carbon can nucleate and grow. Alternatively, 
precursor materials to coat the carbon after it is formed can be fed in close proximity or 
downstream of the carbon condensation. 

So with toluene, xylene, or even an oil-based solution, a wide range of precursors, as 
disclosed in U.S. Patent Numbers 5,652,021, 5,858,465, 5,863,604, 6,013,318, 6,368,665 and the 
previously cited patents, can form materials as a primary nucleator for the growth of 
carbonaceous material or can be inter-dispersed within the carbon-formed material. If it is 
desired to have a more highly conductive carbon, then materials such as nickel, copper and other 
conductive metals can be formed with the carbon. It may also be desired to have some elements 
contained with the carbon such that a top coated material on the carbon will be more stable. 
Such top coating materials can be catalysts for applications such as refining chemical processing 
and fuel cells. Materials that may enable the further stability, lower surface energy absorption of 
catalysts include ceria, lanthanum, nickel and other materials. When platinum or other catalysts 
are further deposited, from gas streams, onto the virgin, simultaneously formed carbon, they can 
remain more stable over time yielding net effective higher surface areas over prolonged usages. 
By forming on virgin surfaces at elevated temperatures, the catalysts or other co-formed materials 
minimize interfacial energy which yields increased adhesion and stability. 

In many cases, it is desired to have a very uniform mixture of both carbon, carbon black 
and carbonaceous material along with additional materials such as for batteries, catalysts and 
other applications. In these cases, flames can be made wherein in one flame the metal containing 
complex materials can be made and in other flames, the carbonaceous material can be formed. 
By co-producing these materials, a more uniform and homogenous mixture prior to 
agglomerations of either set of particles can occur. An important aspect of the current invention 
is that separate flames can contain different materials or separate reaction zones of thermal 
energy can contain the right properties for reaction. Materials can be made wherein the net 
resulting product flowing in a continuous gas stream is particles of carbonaceous material being 
intermixed with another predominately non-carbonaceous material, such that metals, oxides, 
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polymers are all formed or combinations thereof are formed with particles that are primarily 
carbonaceous. 

By doing this in a single step, one of the great issues is overcome wherein the mixing of 
materials that are currently formed by separate processes and an agglomeration occurs prior to 
coating the carbon. These aggregates of small particles can be so tightly bound that they cannot 
be broken up and the desired fully uniform mixing is extremely difficult if not impossible to 
achieve. The current invention simplifies this, reduces the number of steps mid yields a better 
more uniform mixture of desired smali particles and nanoparticles of material. 

The sequence in the feeding of the different materials to get uniform mixtures can be 
important. This is particularly important, if certain materials enable the seeding of certain growth 
phases of other materials such that the primary material is formed prior to the formation of the 
second. Such as in the growth of more expensive or desired phases like crystalline materials like 
platinum that have a similar structure so that the platinum has the right form but less platinum is 
needed to result in crystalline growth. Alternatively, there are catalyst or seeds for growing 
certain phases of carbon such as graphite or fullerines C 60 (also known as buckminsterfullerene 
which can be formed as "buckyballs" or tubes) type structures. It is thus desired to have the seed 
or nucleus material form prior to the second material. In the case of fullerine type materials, 
there are a number of well known materials that can be used to grow nanotubes and other 
structures or even a graphite sheet if desired for needed structures. Once again the agglomeration 
issue is minimized by instead forming the core material in situ. Uniformly and better distributed 
unagglomerated seed stock is produced. 

Small primary flames thus could be made which contain the precursors to form the 
desired starting materials and these primary flames can act as the prebum initiator for the 
formation of the carbonaceous materials which could be sprayed in these primary flames which 
then act as a pilot to sustain the combustion. There maybe sub-pilots for these primary particle 
producing flames which then would be an array of flames centered in an array of sprays of the 
main carbon precursor materials which could be sprays or gases of carbon source materials. 
Alternatively if a combustion process is not used to form the carbon, a wide range of other 
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processes to form the carbon can be made including evaporation of carbon and all other known 
forms of carbon. Heterogeneously formed carbon structures can then be seeded off of the 
primary particle materials. It is known that such materials as iron, nickel, cobalt, and alloys 
thereof with a wide range of other materials can be used for seed for the formation of fullerine 
5 structures including nanotubes. 

It maybe desired to have certain materials within the nanotubes or balls in which case 
additional precursor materials can be fed in with the carbonaceous precursors to form the 
fullerine. Therefore, you may have a filled fullerine tube or ball with the end desired materials. 
These fullerines may further be coated or whatever carbonation form is formed by this seeded 

1 0 stock may be further coated downstream with materials such as catalysts and encapsulation 
systems that may keep the materials separated such as polymers. 

Current carbon plants are large volume with significant shipping costs and distances. By 
using a small flame based system, the amount needed and required in different applications can 
be made locally, can be varied locally on a Just-in-Time manufacturing basis for specific 

1 5 customers. So rather than another part or separate invention, a new business model can be 

patented now. Wherein the current carbon black, carbonaceous material industry sector depends 
on central manufacture at large facilities of the material which is then distributed. Logtstically 
this is difficult due to the extremely low density of the soqts that requires high shipping volumes 
on a product that is sold at a low price/pound, resulting in high shipping charges per product cost. 

20 By making a modular, smaller volume system that is made many times, you enable the low 
capital structure systems that can be installed on a more regional basis and even at specific 
customer sites for the formation of the desired materials. Whether it be just plain carbon soots or 
carbon blacks or the enhanced size and shape un-agglomerated carbons or even the multi-carbon 
or carbonaceous forms discussed in the disclosure earlier. Therefore, this business model 

25. invention creates a new economic advantage over the current system of the carbon industry. 

By use of the present invention pure carbon forms, seeded carbon forms, doped carbon forms, 
carbonaceous materials containing a wide range of matters can be formed and the materials can 
be zoned from seed to interdispersed to exterior coated completely or in-part with various 
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materials. Forming a broad range of carbons, carbonaceous materials with a wide range of 
potential applications from fillers, inks, dyes, stabilizers, catalysts, supports, and even further 
feed stocks for additional reactions that yield additional materials. 

It could be that by forming materials in this way, carbides could be formed by further 
5 reaction — silicon carbide, nickel carbides, tungsten carbides, boron carbides — could all be 

formed from the primary carbon mixed extremely well with the carbon form. By bringing these 
primary materials to high temperature reactions, a more homogenous and pure forms of carbides 
are made. 

The materials formed could also be used for chemical reactors and pyrotechnics as 
10 visually emissive elements inside the formed soots would be effective in yielding different colors 
for fireworks or other desired special effects. 
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